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Boggs and Morris (4) observed that on withdrawal of 20—40 ml 
of blood daily from rabbits the serum became turbid of lipaemia 
when the number of erythrocytes declined to below 2 million per 
cu. mm. The serum lipid content increased to 2—4.5 per cent. 
The marked decrease in subcutaneous fat and the accumulation 
of fat in the viscera, especially in the liver, prompted them to con- 
clude that this transfer of lipids was the cause of lipaemia. The 
loss of proteins due to the bleeding and the anoxia due to anaemia 
were also mentioned as possible causes of the lipaemia. 

Several investigators have later confirmed the finding of in- 
creased serum lipids in bleeding anaemia in rabbits (e.g., 2—7, 
9—11, 13—16, 18—21, 25—28, 32, 3436, 38, 40, 42—44). It has 
been reported that neutral fats increased the most and cholesterol 
slightly more than phospholipids (14, 3, 44). Neutral fats attained 
their peak somewhat earlier than the phospholipids, while choles- 
terol was the last to reach its peak (3). The increase of lecithin has 
been reported to be more marked than that of cephalin (36). 

Lipaemia is stated to be more marked in fat than in lean rabbits 
(34). According to Horiuchi (14), it is of longer duration and more 
marked when the rabbits are kept on a fat diet than on a diet 
of carrots. 

Both Mjassnikow (28) and Chamberlain and Corlett (6) with- 
drew from one rabbit 10—18 ml of blood daily for about three 
weeks. No lipaemia developed in either case but the serum choles- 
terol was reduced. 

The rate of development of lipaemia varies in different cases. 
Following bleeding, the serum lipids at first decreased and then 
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regained the normal level within 24 hours (6, 5). Horiuchi (14) 
withdrew 45 ml once from rabbits weighing about 1.2 kg, following 
which the serum was slightly turbid after 24 hours, milky after 
48 hours, and creamy after 72 hours. The lipaemia then began to 
decline. The serum was again clear 72 hours after the maximum 
lipaemia, but the serum lipid values were still high two weeks 
later. If the rabbit had been made anaemic by minor venesections 
already earlier, lipaemia developed more readily following a major 
venesection than in the above mentioned case. Chamberlain and 
Corlett (6) bled 30 ml daily from rabbits and lipaemia reached 
its maximum within about one week. According to Starup (44), 
lipaemia appears to develop the more rapidly, the faster the anaemia 
develops in the rabbit. Spitzer (40) bled the rabbits 15—30 ml 
daily, following which lipaemia developed in 3—19 days. 

Several investigators have sought to clarify the causes leading 
to lipaemia in haemorrhagic anaemia in rabbits. Boggs and Morris 
(4) suggested that protein deficiency due to haemorrhage, anaemic 
anoxia, or transfer of subcutaneous fat to the viscera played a part 
in the development of the lipaemia. In the opinion of Milne (27) 
the causal factor was deficient oxidation of the tissues. 

In the series studied by Sakai (34) the serum lipase was de- 
creased in haemorrhagic rabbits and this he believed to be the 
reason for the lipaemia. According to Edelman (7) the lipase action 
is decreased, but this is not due to a decreased production of lipase 
but to the inhibitory effect of increased cholesterol. He believed 
that the cause of the lipaemia was the retardation of fat metab- 
olism as a result of the cells of the organism becoming tired. In 
‘the opinion of Horiuchi (14) the lipaemia was caused by the tiring 
of vital organs, such as the liver. With the recovery of these organs 
from the acute bleeding anaemia the lipaemia disappeared. Bloor (3) 
criticised the lipase theory of Sakai and presented the opinion that 
the cause of lipaemia was not the reduced »outflow» of lipids but 
their increased »inflow» into the blood. As basis for this opinion he 
cited the rapid disappearance of the lipaemia when improvement 
in the anaemia condition set it. 

Ellerman and Meulengracht (9) bled one rabbit and reinjected 
the plasma subcutaneously. This caused only slight rise in the 
cholesterol and the serum was not lipaemic but merely opalescent. 
They ascribed lipaemia to removal of the plasma and not to haemo- 
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globin deficiency. A reduction in the lipase amount was also con- 
sidered a possible cause. 

Schwartz and Lichtenberg (38) reported that injection of plasma 
simultaneously with bleeding did not prevent lipaemia. According 
to Rosenthal ef al. (32), lipaemia developed regardless of rapid 
injections of plasma, red cells or whole blood. Lipaemia occurred 
also when transfusions of blood were made at the same time as 
the animal was bled. For this reason they concluded that the 
lipaemia of bleeding anaemia is not a result of the removal of impor- 
tant substances in the blood. 

Fischberg and Fischberg (11) reported that bleeding anaemia 
which produced lipaemia in rabbits caused a decrease in the serum 
proteins, especially in the albumin. They suggested that hyper- 
lipaemia is a compensatory measure for the reduced colloidosmotic 
pressure due to the decrease in proteins. Tsuda (46) observed a 
correlation between hyperlipaemia and hypoproteinaemia, but not 
between hyperlipaemia and the haemoglobin value or the erythro- 
cyte count. 

Other workers also have reported reduced serum protein values 
in haemorrhagic anaemia in rabbits (15, 16, 35, 21). According to 
Schwartz and Lichtenberg (38), again, no changes occur in the 
serum proteins. Starup (44) stated that the serum proteins are 
reduced in bleeding anaemia in the rabbit but that this is not the 
cause of lipaemia. 

Mill (26) reported that the development of lipaemia in haemor- 
rhagic anaemia may be prevented by transection of the spinal cord 
of the rabbit at the level of the fourth thoracic vertebra. If the 
cord was transectioned at the level of the twelfth thoracic vertebra, 
lipaemia developed as with non-operated rabbits. De Langen (19) 
arrived at similar conclusions. According to Starup (42, 44), trans- 
section of the superior thoracic spine does not prevent the develop- 
ment of lipaemia but the condition is slightly milder than in non- 
operated rabbits. 

Chamberlain and Corlett (6) were of the opinion that since 
cholesterol has a clearly anti-haemolytic effect, the increase in the 
cholesterol level in bleeding anaemia may be a protective phenom- 
enon to prevent the evil effects of the initial fall in blood choles- 
terol. When the animal was killed whilst a marked lipaemia was 
present, the cholesterol content of the suprarenals was usually 
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low, and it was suggested that the suprarenals had been depleted 
to supply part of the increased amount of cholesterol in the blood. 

According to Starup (44) lipaemic turbidity occurs in the serum 
when the haemoglobin declines to 30—35 per cent or below. After 
discontinuance of the venesections the lipids regained normal level 
within 6—8 days, simultaneously with increase in the haemo- 
globin to over 35—40 per cent. In his opinion, the lipaemia was 
due to a fall in the number of erythrocytes, and he based this 
statement on a number of reasons. Lipaemia did not develop when 
the red cells were re-injected into the vein immediately after 
venesection. If only the red cells were removed by re-injecting the 
plasma into the vein, the serum became lipaemic. By removal of 
large amounts of plasma the serum proteins were considerably 
reduced but lipaemia did not clearly develop. When over 50 ml 
of plasma was removed daily the serum was lipaemic on the sixth 
day. Starup considered that the lipaemia was due to damage to 
the red cells during their washing and re-injection. On causing 
haemolysis of the red cells by subcutaneous phenyl! hydrazine injec- 
tions the serum was rendered lipaemic, as in haemorrhagic anaemias. 
The same result was obtained by the intravenous injection of dis- 
tilled water. Lipaemia did not occur if anaemia was prevented by 
daily injections of red cells. The lipaemia was rapidly cured by 
large infusions of red cells. For these reasons Starup (44) arrived 
at the conclusion that lipaemia is not a result of the toxic effects 
of phenyl hydrazine. 

The serum of rabbits kept under low pressure (200—-300 mm Hg) 
for 2—3 days became lipaemic, as in haemorrhagic anaemia. The 
lipaemia disappeared in a few days under normal atmospheric 
pressure. Starup (44) regarded oxygen deficiency as the cause of 
the lipaemia. These studies also gave evidence supporting Starup’s 
opinion that lipaemia in bleeding anaemia was due to anaemic 
anoxia. 

Spitzer (40) stated that 0.6—2 mg of heparin injected intra- 
venously does not clear lipaemic turbidity in the serum of rabbits 
due to bleeding anaemia. One or two days before the serum became 
turbid from lipaemia the formation of clearing factor was still 
possible by the administration of heparin. When the rabbits were 
again free from anaemia, clearing factor was one more produced 
following the injection of heparin. In his opinion the reduced 
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capacity to form clearing factor was the reason for the increased 
lipids in bleeding anaemia in rabbits. It has been reported by 
Spitzer and Spitzer (41) that Sf 20—100 lipoproteins are greatly 
increased in bleeding anaemia in the rabbit and that in other 
lipoprotein groups there were no marked changes. 


PRESENT INVESTIGATION 
MATERIAL AND METHODS 


With the exception of the preliminary experiments, these 
studies were carried out with 38 white rabbits weighing 1,750— 
4,400 gr. The animals were divided into five groups according to 
the blood volume removed daily. The blood was withdrawn from 
the ear vein, and in a few cases by heart puncture. Group I com- 
prised 10 rabbits which were bled once 55--70 ml. Only small 
amounts necessary for analyses being taken later. Group II con- 
sisted of 6 rabbits from which about 50 ml of blood was removed 
daily during 3—4 days. In group III the 7 rabbits were bled daily 
40—30 ml, in group IV 9 rabbits 35-25 ml daily, and in group V 
6 rabbits 12—15 ml daily. 

The first blood sample from each rabbit was analysed for total 
serum cholesterol and phospholipids, total lipids, and distribution 
of the cholesterol and phospholipids in the alpha and beta lipo- 
proteins fractionated by paper electrophoresis. The cholesterol and 
phospholipids were determined by the method described by 
Nikkila (29) and the distribution of these substances in the alpha 
and beta lipoproteins were determined by the method of Nikkilaé 
(29) in the modification reported by Miettinen (22, 23). Deter- 
mination of the total serum lipids was made by the method of 
Swahn (45). In a few cases the sudanophilic material was deter- 
mined from the serum lipoprotein fractions by Swahn’s method 
(45) as slightly modified by Miettinen (22). The total cholesterol 
and phospholipids and total lipids were determined from every 
blood sample, whereas their distribution in the lipoprotein fractions 
was studied in only a part of the blood samples from each rabbit. 
The haemoglobin determinations were made by the Sahli method 
from each sample and the results are stated as corrected Sahli 


values. 


RESULTS 


Table 1 shows the mean values for the serum phospholipids, 
cholesterol and total lipids as well as the amounts of phospholipids 
and cholesterol in alpha and beta lipoprotein fractions in the rabbits 
in groups I—IV. For calculation of the mean values, each group 
was divided into two or more subgroups according to the time and 
frequency of the analyses of serum lipids and lipoproteins. This 
division into subgroups was necessary because part of the rabbits 
died of complications following heart puncture or for other causes. 

In table 2 are the mean values and maximum and minimum 
values for the serum lipids and lipoproteins in the first samples 
in all the groups (I—V), the mean values, standard error of the 
mean and statistical significance of the changes in the serum lipids 
and lipoproteins due to haemorrhagic anaemia. The changes 
consist of the differences between the first sample and the sample 
showing the most severe anaemia. 

Fig. 1 shows the mean values in the daily analyses of serum 
cholesterol, phospholipids and total lipids in six rabbits in group V. 
Three rabbits were bled on 15 days or longer and three rabbits 
on less than 15 days, and the means are calculated for the two 
subgroups. 

As is seen from the results in tables 1 and 2, the total serum 
phospholipids and cholesterol values were increased in the rabbits 
in groups II—IV, which were bled daily 25—-50 ml, whereas the 
haemoglobin value declined. During the first two or three days 
after commencement of bleeding there was an abrupt fall in the 
haemoglobin and only a slight rise in the lipids, while during the 
following days the decline in the haemoglobin was retarded and 
the increased trend in the lipids became more marked. In group I 
and V the cholesterol and phospholipids did not change to any 
statistically significant degree because of bleeding. The amount 
of total lipids increased significantly in all the groups with the 


exception of group V. One rabbit in group V was bled 12—15 ml 


daily during two weeks, resulting in a fall in the haemoglobin to 
29 per cent, while the serum cholesterol, phospholipids and total 
lipids did not increase. When the volume of blood withdrawn 
was then increased to 25 ml daily, the cholesterol and phospholipids 
increased within three days by about 200 per cent and the total 
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MEAN SERUM LIPID, 
SAMPLES FROM RABBITS IN GROUPS 


TABLE 1. 


LIPOPROTEIN AND HAEMOGLOBIN VALUES FOR BLOOD 
I—IV. THE GROUPS WERE DIVIDED INTO 


SUBGROUPS ACCORDING TO THE TIME AND FREQUENCY OF THE BLOOD SAMPLES 


No of] Mean | pp Phospholipids Cholesterol Total 

Group | Day | rab- | weight! ©, Total |Alpha'Alpha| Beta |Total |Alpha|Alpha| Beta | lipids 
bits | gr mg %] % mg %lmg %! % [mg ME % 

I 1 3 | 3320) 83 | 123} 41 | 50 V2) 590 23°} 13 45) 246 
2 » 42 | 113] 31 | 34 79| 53] 19 | 10 43] 361 

4 » 42) 145] | $2 83] 57| 21 | 12 36] 428 

9 » | 34 St | 100} 73} 11 61} 465 

19 » 78 | 159] 42 | 66 | 118] 87) 20 | 17 70; 406 

I 1 4 | 3610} 84 72| 60 | 43 28} 25) 54 | 13 12 98 

2 » 54 95] 44 | 41 54] 33] 33 |] 10 23} 221 

3 » Bo: S81 88) 36) 30 9 27| 389 

6 » 53 | 108] 47 | 51 58} 47] 23 | 11 36} 314 

15 » 2. 72| 50 | 36 36] 26] 37 9 17} 157 

21 » 73 72) 53 | 38 34] 28) 43} 11 17} 203 

I 1 3 | 2030) 81 82] 41 | 34 49} 74] 24 | 18 56] 272 

4 » 41 94 57 243 

5 » 38 Sip 35 | 34 59} 58) 17 | 10 48} 226 

6 » 32 94] 34 | 31 62] 56 329 

8 » 35 | 163 93 517 

II 1 3 | 2600) 76 88] 65 | 58 30} 46] 45 | 21 25) 138 
2 » 49 97 52 161 

3 » 29 | 121 57 224 

4 » 22 | 145] 25 | 36 | 109] 78] 16 | 12 66| 376 

II 1 3 | 2480) 66 | 119] 54 | 64 55} 60} 30 | 18 42| 233 
2 » 46 | 127 59 212 

3 » 33 | 167 59 346 

4 » 20 | 195 78 459 

5 » 17 | 243] 18 |} 45 | 198} 107) 13 | 14 94) 632 

III 1 3 | 2300} 80 73) 60 | 44 29) 47] 51 | 24 23} 188 
2 » 50 75 51 198 

3 » 33 | 113] 36 | 40 46} 61] 21 | 13 48} 334 

III 1 3 | 2860) 82 74] 55 | 40 34| 46) 35 | 16 30} 156 
2 » 53 79 46 156 

3 » 37 | 146 65 493 

4 » 28 | 236 95 935 

5 » 26 | 306) 13 | 43 | 263) 130) 5 7 | 123) 1064 

IV 1 2 | 2640) 81 62} 34 | 21 13} 20] 18 4 16} 226 
2 » 57 61 26 205 

3 » 46 88 31 299 

4 » 33) | 37 75| 43) 15 7 36} 382 

IV 1 2 | 2540) 84 63] 25 | 16 47; 19} 18 4 15} 248 
2 » 60 54 21 208 

3 » 45 66 ot 287 

4 » 37 62 25 229 

5 » 31 95] 19 | 18 77| 35) 16 5 31} 432 

IV 1 2 | 2390] 88 65) 39 | 25 34) 25) 26 a 18} 176 
2 » 57 79 32 205 

3 » 44 86} 37 | 32 54] 36} 22 8 28| 236 

4 » 39 | 105 45 262 

5 » 33 | 202 86 771 

7 » 38 | 276] 12 | 34 | 242) 136) 6 9 | 127] 1333 

IV 1 3 | 2730) 79 58] 55 | 32 26; 29) 41 | 12 17} 105 
2 » 60 45 28 104 

3 » 43 96 37 227 

4 » 39 | 136 55 371 

5 » 32 | 147 57 379 

6 » 31 | 236 96 863 

a 31 | 393! 12 | 47 | 346] 187] 14 | 26 | 161] 1277 


| 
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MEAN SERUM LIPID AND LIPOPROTEIN VALUES FROM THE FIRST BLOOD SAMPLES 
AND THE MEAN CHANGES DUE TO BLEEDING ANAEMIA IN ALL THE GROUPS (1—v) 


TABLE 2 


= | Range 2 |E. 
— = 
Group and Lipid 35 t | P 
“5 
o 
Group 1 
Phospholipids, total mg%| 10 90 | 47}150] + 26 20) 1.3 oe 
» alpha % | 10 49 | 28] 73] — 13 4} 3.2 | 0.02 
» alpha 10 41 | 26! 69] — 0.1 6} 0.0 
» beta mg%} 10 49 | 20/102) + 27 16} 1.7 oe 
Cholesterol, total 10 50 19/131] + 10 12} 0.8 
» alpha % 9 34 | 11} 61] — 16 5} 3.2 | 0.02 
» alpha mg%} 9 13 | 7} 20}; — 3 1) 3.0] 0.02 
» beta 9 39 | 10)117) + 11 12} 0.7 
Total lipids 10 195 | 69/383) +169 75) 2.3 | 0.05 
Group 2 
Phospholipids, total mg%] 6 104 | 77)142) + 90 26} 3.5 | 0.02 
» alpha % 6 60 | 48] 67) — 38 4} 9.5 | 0.001 
» aplha 6 60 | 43] 79) — 22 5} 4.4 | 0.01 
beta 6 43 | 28) 74) +112 24} 4.7] 0.01 
Cholesterol, total mg%} 6 53 | 39] 73) + 39 14| 2.8 | 0.05 
» alpha % 6 37 | 25) 45) — 23 5; 4.6 | 0.01 
» alpha mg%]| 6 19 | 16} 25} — 6 2} 3.0] 0.05 
» beta mg% 6 34 | 22) 55] + 46 15} 3.1] 0.05 
Total lipids mg%| 6 185 |107/277| +318 81} 3.9 | 0.02 
Group 3 
Phospholipids, total mg% 7 73 | 57/100) +161 44] 3.7] 0.01 
» alpha % 6 58 | 37} 69] — 33 6} 5.5 | 0.01 
» alpha mg%|_ 6 42 | 32) 52) — 2 9} 0.2 oe 
» beta mg%, 6 32 | 19! 55) +136 41} 3.3] 0.05 
Cholesterol, total mg%| ,7 45 | 37] 63} + 60 17} 3.5 | 0.02 
» alpha % 6 43 | 21] 63} — 30 4| 7.5 | 0.001 
» alpha mg%]| 6 20 | 11] 27} — 10 1} 10.0 | 0.001 
» beta mg%] 6 27 | 15) 42) + 59 17| 3.5] 0.02 
Total lipids mg%| 7 179 |114/240] +705 234} 3.0] 0.05 
Group 4 
Phospholipids, total mg%} 9 61 | 52) 78) +177 62} 2.9} 0.02 
» alpha % 9 40 | 22) 58) — 22 5] 4.4 | 0.01 
» alpha 9 24 | 14] 37}; + 10 2.5 | 0.05 
» beta mg%} 9 37 | 25) 54] +167 60} 2.8 | 0.05 
Cholesterol, total mg%| 9 24) 15) 35) + 86 30} 2.9 | 0.02 
» alpha % 9 27 | 10) 43] — 14 4) 3.5] 0.01 
» alpha mg%}| 9 2) 15)+ 8 7, 1.1 
» beta mg%| 9 17 | 10} 26) + 78 24) 3.2] 0.02 
Total lipids mg%| 9 | 179 | 78/273} +724 227| 3.2 | 0.02 


TABLE 2 Cont. 


= 8 Range; 2 
Group and Lipid sal os t 
= ale 
Group 65 
Phospholipids, total mg%] 6 90 | 76)121) + 26 31] 0.8 
» alpha % 6 47 | 22) 64] — 17 7| 2.4 
» alpha mg%]}_ 6 42 | 19} 61) 7 4} 1.8 
» beta mg%} 6 48 | 28] 83] + 34 30} 1.1 
Cholesterol, total 6 54 | 36] + 9 18) 05) 
» alpha % 6 31 | 15) 47) — 18 6] 3.0 | 0.05 
» alpha 6 15 | 10) 22} 7 1] 7.0] 0.001 
» beta mg%} 6 39 | 20} 68) + 16 19} 0.8 +e 
Total lipids mg%! 6 | 227 |121/337| +146 154} 0.9 
400 
300 
400 
100 
= 
0 
HB% 79 3.8 34-36 FY 32 3% 33 37 12 


Fig. 1. — Mean values for total lipids, phospholipids and cholesterol in the 
serum of six rabbits (two groups) bled 12—15 ml daily. Numbers below the 


graph are the mean haemoglobin values in the two groups. 


Three rabbits which were bled on 15 days or longer. 
~~... Three rabbits which were bled on less than 15 days. 
@ = total lipids; © = phospholipids; » = cholesterol 
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lipids by about 400—500 per cent, and the haemoglobin dropped 
to 23 per cent. From the other rabbits in group V only 12—15 ml 
was withdrawn daily throughout the experiment and no significant 
changes were seen in the serum lipids in these animals. 

Only in the rabbits in groups III and IV, from which 25—40 ml 
of blood was taken daily, did the serum lipids increase sufficiently 
to produce a definite lipaemic turbidity in the serum. This turbidity 
appeared 4—7 days after the commencement of bleeding, and the 
rabbits that died before this time showed only a very slight in- 
crease of serum lipids. In the rabbits in group I, which were bled 
once 55—70 ml and later only for analysis samples, no lipaemic 
turbidity was seen at any time. The decrease in haemoglobin was 
smaller in this group. In the rabbits in group II, from which about 
50 ml was withdrawn daily, the haemoglobin fell within 3—4 days 
to about 20 per cent or lower. The cholesterol, phospholipids and 
total lipids increased, although the increase was not as marked as 
in rabbits with the same haemoglobin values in groups III and IV. 
The serum became opalescent or very slightly turbid, but the 
turbidity was not as great as in the rabbits in groups III and IV 
although the haemoglobin in the animals in group II showed a 
more pronounced decline than in any other group. 

The bleeding caused significant changes in the distribution of 
cholesterol and phospholipids in the alpha and beta lipoprotein 
fractions. In group II—IV rabbits, in which the amounts of 
cholesterol and phospholipids were increased, this increase was 
usually seen only in the beta lipoprotein fraction, in which there 
was a Statistically significant increase in the absolute amounts of 
cholesterol and phospholipids. In groups I and V the absolute | 
amounts of cholesterol and phospholipids in the beta lipoprotein | 
did not show any statistically significant change. The relative 
amounts of cholesterol and phospholipids in alpha lipoprotein . 
declined in all the groups, the decline being statistically significant 
with the exception of the phospholipids in group V. The absolute 
amount of cholesterol in alpha lipoprotein decreased significantly 
in all the groups except group IV. There was a statistically signif- 
icant fall in the absolute amount of phospholipids in alpha 
lipoprotein in group II and a significant rise in group IV, while in 
the other groups the changes were not statistically significant. 
It may be mentioned that the relative and especially the absolute 


© = group bled 40—50 ml daily 
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amounts of cholesterol and phospholipids before the commencement 
of bleeding in the rabbits in group IV were considerably lower 
than in the other groups. 

The distribution of cholesterol and phospholipids in the alpha 
and beta lipoprotein fractions was studied in 5 rabbits in group V 
on the fourth day and in 3 rabbits on the eleventh day from com- 
mencement of the bleeding. The changes in the lipoproteins had the 
same tendency as those given in table 2 for the rabbits in group V, 
but on the average they were slightly smaller. 


120 
800 
100 
/ 
300 
4 
200 / & 


DAY 


Fig. 2. — Mean serum alpha and beta lipoprotein values determined by Swahn’s 
method from daily blood samples from seven rabbits bled 40—50 ml daily 
and from three rabbits bled about 30 ml daily. 

alpha lipoprotein: -- beta lipoprotein 
<x = group bled 30 ml daily 


Fig. 2 shows the mean absolute amounts of alpha and beta 
lipoproteins in the serum, as determined by Swahn’s method from 
the daily blood samples. In a group of 7 rabbits about 50 ml of 
blood was withdrawn daily from 6:animals and 40 ml from 1 animal. 
In a group of 3 animals about 30 ml was drawn daily from each 
animal. In the first mentioned group the mean alpha lipoprotein 
value declined slightly while a definite rise was seen in the mean 
beta lipoprotein value. In the latter group the amount of alpha 
lipoproteins fluctuated on either side of the initial value but the 
beta lipoprotein increased markedly. 


| | 
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14 
DISCUSSION 


As was seen from the presented results, the serum cholesterol, 
phospholipids and total lipids increased significantly in experi- 
mental haemorrhagic anaemia in the rabbits in groups IJ—IV. 
Only the rabbits in groups III and IV, from which 25—40 ml of 
blood was withdrawn daily, showed lipaemia of such severity that 
the serum became turbid 4—7 days after commencement of bleed- 
ing. In the rabbits in group V, which were bled 12—15 ml daily, 
the haemoglobin declined to a value equally low as that in the 
rabbits in groups III and IV, but no statistically significant rise 
occurred in the amounts of serum cholesterol, phospholipids and 
total lipids and the serum did not show lipaemic turbidity in any 
of the cases. In the rabbits in group II, from which about 50 ml 
of blood was withdrawn daily, the drop in the haemoglobin value 
was greater than in any other group, while the rise in lipids was 
not as great as in groups III and IV and the serum was only 
opalescent or very slightly turbid. The results seem to point to 
the possibility that the volume of blood withdrawn daily is 
important with respect to the changes in lipids associated with 
experimental haemorrhagic anaemia in rabbits. The haemoglobin 
value declined less in the rabbits in group I, which were bled 55— 
70 ml once, than in the rabbits in any other group. This fact may 
be one of the reasons why the cholesterol and phospholipid amounts 
did not show a statistically significant rise and why the rise in 
the total lipids also was fairly small. 

The increase in the total lipids was relatively greater than 
those in cholesterol and phospholipids, which seems to indicate 
that the neutral fats increase in experimental haemorrhagic 
anaemias in rabbits relatively more than cholesterol and phospho- 
lipids. This finding is in agreement with the results of earlier 
studies (14, 3, 44). The phospholipid/cholesterol ratio increased in 
19 cases and declined also in 19 cases, and averaged 2.22 in the 
first samples and 2.13 in the samples taken when the haemoglobin 
value was lowest. The present experiments, therefore, do not 
provide evidence to support the opinion expressed by the above 
mentioned investigators that the cholesterol increases relatively 
more than the phospholipids in experimental haemorrhagic anaemia 
in rabbits. 


RT 
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In those groups in which the serum cholesterol and phospho- 
lipids increased the rise occurred usually in the beta lipoprotein 
fraction only. Accordingly, a statistically significant drop occurred 
in the relative amounts of cholesterol and phospholipids in the 
alpha lipoprotein. This decline in the percentages of cholesterol 
and phospholipids in alpha lipoprotein was the most regularly 
seen change in also those groups in which no significant changes 
occurred in the total amounts of cholesterol and phospholipids. 

The absolute amount of cholesterol in alpha lipoprotein declined 
significantly in all the groups with the exception of group IV, in 
which there was not statistically significant change. The absolute 
amount of phospholipids in alpha lipoprotein declined in group II, 
increased in group IV, and showed no statistically significant change 
in the other groups. The fact that the relatively and especially the 
absolute amounts of cholesterol and phospholipids in the alpha 
lipoprotein fraction were rather low already before the bleeding 
period in group IV, as compared with the other groups, may have 
had some influence on the circumstance that the absolute amounts 


_ of cholesterol and phospholipids in alpha lipoprotein increased in 


most of the rabbits in group IV, whereas a falling tendency was 
dominant in the other groups. 

The administration of cortisone to rabbits raises the cholesterol 
and Sf 80—400 lipoproteins in the serum, and to a lesser extent 
also the Sf 40—-80 lipoproteins (30, 1). It is known to produce 
changes which in many respect are similar to those caused by 
stress. Since profuse haemorrhage is a stress (39) it appears probable 
that the stress due to heavy bleeding may contribute to the rise 
in the serum lipids and in the cholesterol and phospholipids in the 
beta lipoprotein fraction. According to Starup (44), anoxia causes 
an increase in the cholesterol, phospholipids and total lipids in the 
rabbit, and we must therefore also take into consideration the 
possibility that anaemic anoxia may be the cause of the rise in the 
above mentioned lipids as well as in the cholesterol and phospho- 
lipids in beta lipoprotein. The circumstance that significant increases 
in these substances did not occur in the rabbits in group V, in which 
the onset of anaemia was comparatively slow, points to a possi- 
bility that anaemic anoxia in itself plays at least no significant part 
in the increase of the above mentioned lipids and beta lipoproteins. 
In group II rabbits, from which 50 ml of blood was removed 
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daily, the haemoglobin dropped to a lower value than in any other 
group and the animals were in a very poor condition, whereas in 
the other groups, especially groups III and IV, the animals remained 
active and their appetite good, and they did not lose much weight 
during the bleedings. In group II the increase in serum lipids was 
smaller than that in groups III and IV. Should anaemic anoxia 
be in itself the reason for increased lipids and beta lipoproteins, 
the opposite observations would have been expected. Consideration 
should perhaps be given to the probability that exhaustion may 
have inhibited an increase in of the lipids in group II. It should 
perhaps also be taken into consideration that the length of observa- 
tion time in this group was too short to permit development of 
the maximum amount of hyperlipaemia. This seems to be indicated 
by the experiments with two rabbits in group II from which blood 
was withdrawn daily during the first week of the bleeding experi- 
ment. During the last three days, the amounts drawn were only 
sufficient for analyses. The serum cholesterol, phospholipids and 
total lipids continued to increase daily even when the haemoglobin 
value no longer deciined or already was slightly increased. This 
increase in the lipids, however, was not as marked as in groups III 
and IV and the serum did not show definite lipaemic turbidity. 
These observations do not exclude the possibility that exhaustion 
may have a definitely inhibitory effect on the increase of lipids 
in experimental haemorrhagic anaemia. However, the small number 
of cases does not permit the drawing of reliable conclusions 

The results here presented may possibly be regarded as an 
indication that stress, rather than anaemic anoxia per se, may 
play a part in the increase of serum lipids and beta lipoproteins 
in experimental haemorrhagic anaemia in rabbits. Since anoxia 
is a stress (39) and causes increased activity of the adrenals (37), 
it might be regarded that a rapidly developing anaemic anoxia 
caused the increase in the lipids. The administration of cortisone 
to rabbits produces lipaemic turbidity in the serum within 3—5 
days and a marked increase in serum cholesterol within 4—7 days ~ 
(30). Haemorrhagic anaemia in rabbits produces lipaemic turbidity 
of the serum in approximately the same time. The daily stress 
during the slow anaemisation of the rabbits in group V was possibly 
too weak to produce a definite rise in the cholesterol, phospholipids 
and total lipids and in the cholesterol and phospholipids in the 
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beta lipoprotein fraction. During highly acute anaemisation the 
animals in group II became exhausted and a part of them died 
before the lipaemia possibly due to the stress attained the same 
level as in the animals in groups III and IV. In the animals in 
group I the stress due to a single heavy bleeding possibly was not 
of sufficiently magnitude and duration to produce significant rises 
in the cholesterol and phospholipids and in these lipids in the beta 
lipoprotein fraction. 

The absolute amounts of cholesterol and phospholipids in the 
alpha lipoprotein fraction declined in most cases, although the 
corresponding lipids in the beta lipoprotein fraction increased. 
The observation that the absolute and relative amounts of choles- 
terol and phospholipids in alpha lipoprotein are very low in certain 
diseases of the liver, such as cirrhosis, acute hepatitis and biliary 
obstruction, points to the possibility that alpha Ilpoproteins are 
— at least for the greater part —- produced in the liver (8, 17, 29). 
Experimental haemorrhagic anaemia produces anatomic changes 
in the liver (31), and similar alterations in the liver have been 
induced by anoxia (33). Acute, profuse bleeding in the dog 
diminishes the ‘hepatic blood circulation (12). Such observations 
seem to indicate that in acute haemorrhagic anaemia the liver 
possibly suffers not only from anaemic anoxia but also from anoxia 
resulting from the decreased hepatic blood circulation. 

It may be mentioned that in human cryptogenetic pernicious 
anaemia, pernicious tapeworm anaemia, essential hypochromic 
anaemia and haemorrhagic anaemia both the absolute and relative 
amounts of cholesterol and phospholipids in the alpha lipoprotein 
fraction are significantly below normal. The absolute amounts of 
cholesterol and phospholipids in beta lipoprotein are also frequently 
slightly below normal in these anaemias (22). 

In rat the serum cholesterol, phospholipids and total lipids 
increase in experimental haemorrhagic anaemia and the serum 
shows lipaemic turbidity. The total lipids underwent the relatively 
greatest increase, and phospholipids increased significantly more 
than cholesterol. These lipids increased the most in the alpha, 
lipoprotein fraction, but there also was a definite rise in the beta 
lipoprotein fraction. On the other hand, the cholesterol and 
phospholipids in the lipoproteins which migrate with albumin in 
paper electrophoresis declined statistically almost significantly (24). 


18 


The points brought out above seem to indicate that haemor- 
rhagic anaemia in man, rabbit and rat produces changes in the 
serum lipids and lipoproteins which in certain respects greatly 
differ from each other. 


SUMMARY 


Changes occurring in association with bleeding anaemia in the 
amounts of cholesterol, phospholipids and total lipids, in the serum 
and in the distribution of cholesterol and phospholipids in paper 
electrophoretically separated alpha and beta lipoprotein fractions 
were studied in 38 rabbits. Bleeding caused a rise in the serum 
cholesterol, phospholipids and total lipids; this rise was significant 
in rabbits from which 50—25 ml of blood was withdrawn daily. 
In rabbits which were bled 12—15 ml daily during two weeks and 
in which the haemoglobin value consequently declined to approx- 
imately the same level as in the preceding groups, these lipids did 
not show a statistically significant increase. In rabbits which were 
bled 55—70 ml once only, the haemoglobin did not drop as low as 
in the above groups and only the total lipids increased significantly. 
The most marked increase in the lipids, resulting in lipaemic 
turbidity in the serum, was seen in rabbits which were bled 40— 
25 ml daily. The lipaemic turbidity appeared 4—7 days after 
bleeding was started. The total lipids increased relatively more 
than the cholesterol and phospholipids, in which the increase was 
approximately equal. 

The increase in cholesterol and phospholipids occurred usually 
in the beta lipoprotein fraction only. In the alpha lipoprotein 
fraction these lipids declined in most cases, and thus the relative 
amounts of cholesterol and phospholipids in alpha lipoprotein 
generally declined also in those cases in which the absolute amounts 
of these lipids in the beta lipoprotein fraction did not rise signif- 
icantly. 
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